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Linear actuator.

A linear actuator for e.g. a disk drive has a
fixed member (19) and a movable member (101).
One of those members (19,101) carries at least
one track (3) of permanent magnets extending
in the direction in which the movable member
(3) is to move, with adjacent permanent mag-
nets having alternate magnetic polarity. The
other member (19,101) has first and second
drive parts each having at least one pair of
opposed sets of teeth (1,2). The or each track (3)
passes between those teeth (1,2). Each pair of
teeth (1,2) is associated with a corresponding
drive coil (4,5) giving the teeth (1,2) a magnetic
polarity so that there is a magnetic alignment
between a polarity of the teeth (1,2) and the
permanent magnets (3). The drive parts are
arranged so that, for any given relative position
of the first and second members (19,101), the
magnetic alignment of the teeth (1,2) of one
drive part is out of phase with the magnetic
alignment of the teeth (1,2) of the other part. In
order to ensure that the magnetic alignments
are out of phase, there may be a physical
displacement between the teeth (1,2) of the two
drive parts. This displacement may be (m =
1/2).T, where m is an integer and T, is the teeth
pitch. This gives a phase displacement of 180°.
Alternatively, the drive parts may be aligned,
and two tracks (3) of permanent magnets be
provided with the magnets thereof having oppo-
site polarity for a given ftrack position, or the
drive current to the drive coils (4,5) may be
controlled to be out of phase. Such arrange-
ments permits smooth driving of the movable
member (101).

FIG. 1
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The present invention relates to a linear actuator
it is particularly concerned with a linear actuator for
use in a disk unit, but the present invention is not res-
tricted to disk units, and the linear actuator of the pre-
sent invention may be used for other purposes, such
as in a graphical plotter, printer, or semiconductor
mounting device.

In a disk drive, a disk (optical disk, magnetic disk)
is supported for rotation by a suitable support, and the
unit also has a head for reading or writing information
to the disk. The head is movable linearly so that the
combination of disk rotation and head movement per-
mits the whole of the disk to be scanned by the head.
It is therefore necessary to provide a linear actuator
for moving the head towards or away from the axis of
rotation of the disk.

The standard method of forming a linear actuator
for this purpose makes use of voice coil motors. In
such an arrangement, one or more coils are used to
generate a magnetic field, and changes in that mag-
netic field cause a movable member to move, which
movable member is connected to the head. Normally,
such an arrangement is also provided with guide rails
forming at least one linear guide for guiding the rela-
tive movement of the movable member, and hence
the head, relative to the rest of the disk unit.

There is a desire to reduce the size of disk units,
and the size of the linear actuator is increasingly sig-
nificant in determining the overall size of the disk unit.
With a linear actuator based on voice coil motors, as
discussed above, the driving force per unit volume of
the coils is small, and hence relatively large coils are
needed. Furthermore, at least that part or parts of the
movable member which interact with the magnetic
fields of the coils needs to be heavy, so that high-
speed movement is difficult. The need for large coils
is particularly serious when attempts are made to
reduce the size of the disk drive, since, in practice, a
linear actuator involving voice coil motors has mini-
mum thickness of about 15 to 16 mm, if suitable drive
forces are to be generated, whereas it is thought desi-
rable to reduce the thickness of the disk unitto e.g. 5
to 6 mm.

Therefore, consideration has been given to the
use of linear pulse motors. A standard type of linear
pulse motor, known as the "hybrid type", involves two
members each with at least one set of teeth with a pre-
determined tooth spacing pitch and each set of teeth
being magnetically associated with a drive coil for
generating magnetic fields. The two members are
arranged so that the teeth of one member oppose the
other, and by controlling and varying the drive current
to the coils, and hence the magnetic polarity of the
teeth, the two members may be caused to move. In
such an arrangement, the parts of the members which
form the teeth are normally of iron. It is relatively easy
to make such a hybrid type linear pulse motor rela-
tively thin, but the arrangement has a high inductance,
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giving a slow response time, and the fact that both the
fixed member and the movable member have teeth
makes the linear actuator difficult to construct.

Therefore, proposals have been made to make
use of a permanent magnet (PM) type linear pulse
motor, in which one of the members carries at least
one track of permanent magnets, with those magnets
being arranged so that adjacent magnets have oppo-
site magnetic polarity.

JP-A-1-174262 (corresponding to US-A-4945268)
proposed a linear actuator for use in e.g. a disk unit,
in which one member had a track of permanent mag-
nets described above, and there was then a drive part
having pairs of sets of teeth with the track of perma-
nent magnets being interposed between the sets of
teeth.

This idea was also considered in JP-A-2-246761
(although there was no disclosure in that document of
application to a disk unit) in which there were two
tracks of permanent magnets, and first and second
drive parts. One drive part was arranged so that the
drive coils thereof were on one side of the member
carrying the tracks, and those drive coils were con-
nected to two pairs of sets of teeth with one track
being interposed between those sets of teeth. The
drive coils of the other drive part were arranged on the
opposite side of the member carrying the track of per-
manent magnets, again with those drive coils being
magnetically connected to pairs of sets of teeth the
second frack then being interposed between those
sets of teeth of the other drive part.

In JP-A-2-246761, the two drive parts were
arranged so that they were aligned in a direction per-
pendicular to the direction of extension of the tracks
of permanent magnets, and the magnetic poles of the
tracks of permanent magnets were similarly aligned.
It was disclosed, however, that the direction of the
sets of teeth could be skewed relative to the direction
of extension of the tracks of permanent magnets.

The present invention seeks to develop further
the idea of forming a linear actuator using a perma-
nent magnet type linear pulse motor, and in particular
considers the question of the size of the linear
actuator. It is considered desirable for this to be
reduced and the present invention addresses this
problem.

In a first aspect, it is proposed that the first and
second drive parts are arranged such that the mag-
netic alignment of the sets of teeth of one drive part
with the or a track of permanent magnets, and the
magnetic alignment of the sets of teeth of the other
drive part with the, or another, track are out of phase.
In this first aspect, the drive parts are arranged so that
the drive coils of the respective drive parts are on
opposite sides of the member carrying the track or
tracks of permanent magnets.

There are several ways of achieving the differ-
ence in phase of the magnetic alignment of the res-
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pective drive parts and associated tracks(s). These
different alternatives represent different develop-
ments of this first aspect of the present invention. The
majority of these developments involve physical
aspects of the alignment, so that there is a displace-
ment distance between the physical alignments which
is a non-integral multiple of the pitch of the teeth. It is
also possible, however, for this effect to be achieved
by controlling the phases of the drives to the drive
parts so that they are out of phase.

It should be noted that each drive part may itself
comprise one or more pairs of sets of teeth, with
associated drive coils. Thus, in JP-A-2-246761,
although each drive part has two pairs of teeth, and
two drive coils associated therewith, pairs of teeth on
opposite sides of the member carrying the tracks of
permanent magnets are aligned and thus the phase
relationship between the teeth and permanent mag-
nets is the same on the two sides of the member car-
rying the tracks of permanent magnets.

In this first aspect, however, the drive parts must
have their drive coil or coils on opposite sides of the
member carrying the track or tracks of permanent
magnet.

This first aspect of the present invention itself has
a number of developments. In a first development,
there is only one track, and preferably each drive part
has only one pair of sets of teeth. In such an arrange-
ment, it is then possible for the two drive parts to be
arranged so that the pair of sets of teeth of one drive
part are at a different position along the track from the
pair of sets of teeth of the other drive part, so that the
sets of teeth may be displaced along the track by dis-
tance greater than the width of one of the sets of teeth.
In this way, it is possible for the first and second drive
parts to overlap in a direction perpendicular to the
direction of extension of the magnetic track, so that
the overall size of the linear actuator may thus be
reduced.

In particular, the displacement distance is prefer-
able (m £ 1/4).T, where n is an integer (including zero)
and T, is the pitch of the teeth.

The second development proposes that there are
two tracks with two drive parts acting on respective
tracks. Then, this second sub-aspect proposes that
the difference in the alignment of the drive parts with
the respective tracks is such that drive force gener-
ated is 180° out of the phase. This provides a greater
drive force for a given drive current, permitting smaller
drive coils to be used for a given drive force. This 180°
phase displacement may be expressed in terms of the
pitch of the teeth, so that the displacement distance
is (m + 1/2).T, where m is an integer (including zero)
and T, is the pitch of the teeth. There are two alterna-
tive ways of achieving such a displacement distance.
Firstly, in a manner similar to the first sub-aspect, the
pairs of teeth of one drive part may be displaced rela-
tive to the pairs of teeth of the other drive part in the
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direction of extension of the tracks of permanent mag-
nets. The actual displacement is different, and more
than one track is involved.

However, it is also possible to achieve the dis-
placement distance by displacing the magnetic poles
of one track relative to the other. In such an arrange-
ment, the pitch of the teeth normally corresponds to
one pair of adjacent magnetic poles along the track,
and thus this displacement may be considered equiv-
alent to reversing the polarity of one track relative to
the other.

The 180° phase difference may also be achieved
by suitable control of the drives to the drive part, and
the second development includes arrangements in
which there is no difference in the physical alignment,
but only in the drive phase relationship.

It has also been realised that the principle of the
second development, namely arranging for the align-
ment to have a displacement distance corresponding
to a 180° phase difference represents a second, inde-
pendent aspect of the present invention. In that sec-
ond aspect, it is possible to use two tracks, and have
the drive coils of the two drive parts arranged on oppo-
site sides of the member carrying the tracks of perma-
nent magnets, in which case the second aspect
becomes identical to the second development of the
first, as discussed above. However, it is not neces-
sary in this second aspect that the drive coils of the
two drive parts be arranged on opposite sides of the
member carrying the tracks of permanent magnets,
and it is possible to make use of a single track, with
the drive coils of the two drive parts arranged on the
same side thereof. In such an arrangement, the width
of the linear actuator transverse to the track may be
reduced.

Again, in this second aspect of the present inven-
tion, the phase difference may be achieved by physi-
cal displacement by a suitable displacement distance,
or may be achieved by phase control of the drive to
the drive parts.

In all the above aspects of aspects present inven-
tion, each drive part may itself comprise a plurality of
pairs of sets of teeth, and associated drive coils. In
such a case, the spacing between the pairs of sets of
teeth should be (q + 1/4).T, where q is an integer
(including zero) and T, is the pitch of the teeth. Alter-
natively, this can be achieved by any suitable spacing
if associated with phase control to give a phase dis-
placement equivalent to a physical spacing of (q £
1/4).Tp.

In all the above discussion, where reference has
been made to an integer, that integer may be zero or
negative as the latter merely indicates a displacement
in the opposite direction.

In general, all the aspects of the present invention
discussed above, the member including the drive
parts will be fixed, and the member carrying the track
or tracks of permanent magnets will be movable.
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Such an arrangement is normally easier to manufac-
ture, and will have a lower inertia. However, it is also
possible for the member carrying the tracks to be fixed
and for the member carrying the drive parts to be
moveable. ltis the relative movement of the two mem-
bers which is important.

In a linear actuator according to all the aspects of
the present invention, it is normally desirable to pro-
vide linear guides for guiding the movement of which
ever of the members is movable, in order to prevent
contact between the tracks of permanent magnets
and the teeth of the drive parts. Such contact may
cause friction or damage. Furthermore, it is normally
desirable to provide means for detecting the relative
position of the two members, so that the movement
thereof can be controlled accurately by controlling the
drive currents to the drive parts in dependence on the
relative position.

The present invention is particularly applicable to
a disk unit in which the head for reading or writing to
the disk is mounted on the movable member and may
therefore be moved linearly relative to the disk sup-
port, and hence the disk itself. However, the present
invention is not limited to this purpose, and a linear
actuator according to the present invention may be
used in a graphical plotter, a semiconductor mounting
device or any other arrangement in which linear
movement is required.

Embodiments of the present invention will now be
described in detail, by way of example, with reference
to the accompanying drawings, in which:

Fig. 1 shows an optical disk unit having a linear

actuator an embodiment of the present invention;

Fig. 2 is a sectional view the linear actuators of

the embodiment in Fig. 1;

Fig. 3 shows the basic principal construction of a

drive part of a linear actuator according to the pre-

sent invention;

Figs. 4(a) to 4(c) are a sectional view showing the

basic construction of a drive part of a linear

actuator according to the present invention;

Fig. 5 is a block diagram of a linear actuator driv-

ing circuit according to the present invention;

Fig. 6 shows in more detail the alignments within

a linear actuator being an embodiment of the pre-

sent invention;

Fig. 7 shows another alignment arrangement in a

linear actuator embodying the present invention;

Fig. 8 shows an optical disk unit having a linear

actuation of another embodiment of the present

invention;

Figs. 9(a) and 9(b) are sectional views of the

linear actuator of Fig. 8; and

Fig. 10 shows a linear actuator of another embo-

diment of the present invention.

Fig. 1 illustrates an optical disk unit including a
linear actuator embodying the present invention. The
optical disk unit comprises an optical disk 101 for
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recording and\or reproducing data, a spindle motor
102 for rotating the optical disk, an optical head 7
located under the optical disk 101, a linear actuator
100 acting as a head feed mechanism for moving the
optical head 7 in the radial direction of the optical disk
101, and a base 19 on which the spindle motor 102
and linear actuators 100 are mounted. The optical
head 7 is moved by the linear actuator 100 in a radial
direction of the optical disk 104 and a light beam 103
moves between optical disk tracks, thus allowing data
to be recorded on or reproduced from the whole sur-
face of the optical disk 104.

The linear actuator 100 have tracks of permanent
magnets 3 on the movable members 101 thereof on
respective sides of the optical head 7, with the optical
head 7 being centrally located on the movable mem-
ber 101 body centered. Each track permanent magnet
3 is associated with a corresponding drive part, each
drive part having torque thrust throughout stators A,
B to produce a drive thrust. Stator A is the combination
of an A-phase coil 4 and an A-phase stator core 1,
whereas stator B is the combination of a B-phase core
5 and a B-phase stator core 2. These two drive parts
are formed on opposite sides of the movable member,
each drive having both A and B coils and cores.
Moreover, there are linear guides 8 on opposite sides
of the moveable member 101.

Fig. 2 is a sectional view taken along the line | - |
of the linear actuator of the optical disk unit shown in
Fig. 1. The A-phase stator core 1 and the B-phase
stator core 2 are both secured to the base 19. There
is also a magnetic sensor 10 of a linear position sen-
sor 9 on the same base 19 and a magnetic plate 11
is mounted on a lower part of the moveable member
101, the magnetic sensor 10 and the magnetic plate
11 facing each other with a very small gap therebet-
ween.

The moveable member 101 is supported by the
linear guides 8 and is movable without contact with
the base 19. Moreover, the trade of permanent mag-
nets 3 are fixedly fitted into recesses provided in res-
pective side walls of the main body of the movable
member. As the two linear guides 8 supporting the
movable member 101 are thus located on a line con-
necting the tracks of permanent magnets 3 of the
movable member 101, and are secured to the respec-
tive sides walls of the movable member 101, parallel
thrusts of the same magnitude are exerted on both
outer sides of the movable member and the linear
guides. Consequently, there should be no vibration
due to imbalance of forces. In addition, because no
vertical forces are produced at the gap where the
thrust is generated, the center of gravity of the optical
head and the sliding surface of the linear guide are
substantially on the same plane.

As the permanent magnets are fixedly fitted into
the recesses provided in the main body of the mov-
able member 101 its inclination in the vertical direc-
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tion can be inhibited by means of the recesses. There-
fore, assembly precision can readily be achieved.

Fig. 3 shows an appearance of the basic con-
struction of one drive part of the linear actuator shown
in Fig. 1. Fig. 4 is a sectional view of the construction.
The drive part has two-phase stators A, B which
interact with the movable member 101: the stator A
has the A-phase stator core 1 with the A-phase coil 4
wound thereon; and the stator B has the B-phase
stator core 2 with the B-phase coil 5 wound thereon.
The movable member has a track of permanent mag-
nets 3.

Fig. 4(a) is a sectional view along the line Il - Il in
Fig. 3. It can be seen that there are a plurality of stator
cores A, B, each having a plurality of core magnetic
pole teeth in pairs of sets of teeth, with the track of per-
manent magnets 3 passing between the pairs so that
the permanent magnets of the movable member 101
are held between that member 101 and the teeth. The
A-phase stator core 1 is shifted by (q = 1/4)-Tp (q =
integer) from the B-phase stator core 2 in terms of to
the tooth pitch Tp, so that the electrical phases are
shifted from each other by 90 degrees.

Fig. 4(b) is a sectional view taken along line Ill -
Ill. The A-phase stator core 1 is U-shaped and the A-
phase coil 4 is wound on the core for generating mag-
netic flux from the core magnetic pole teeth.

Fig. 4(c) is an enlarged view of the gap shown in
Fig. 4(a). The movable member 101 is seen to have
a track of plate permanent magnets 3 with the N and
S poles alternately arranged in the direction of move-
ment. The width of each permanent magnet is 1/2-Tp
relative to the pitch of the stator core magnetic pole
teeth 6. Therefore, the magnetizing pitch Tp is equal
to the pitch of the teeth 6.

As the movable member includes only permanent
magnets not electromagnets, it can be made as thin
as 1.2 mm. The thrust performance can be improved
by decreasing the pitch Tp since the thrust is pro-
portional to ®-27/Tp where @ is coil interlinkage mag-
netic flux and the disk unit can be smaller in size
accordingly.

It should be noted that, in operation, the alternat-
ing currents flowing in the coils of the stators A,B are
different in phase.

Fig. 5 is a block diagram of a circuit for driving the
linear actuator embodying the present invention. A
signal from the linear position sensor 9 is converted
into a position signal x in a signal processing circuit
13. A thrust corrected value Fd is produced by a thrust
correcting device 16 from the position signal x and
added to a thrust command Fc¢ so as to produce a cur-
rent amplitude command value Ic in which the vari-
ation of the thrust is corrected. The product of the
current amplitude value Ic and a sine wave signal
sin(2=/Tp-x) corresponds to an A-phase current com-
mand lac, and the product of the current amplitude
value lc and a sine wave signal - cos(2n/Tp-x) corres-
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ponds to a B-phase current command Ibc. These
commands are input to a current controller (ACR) 12
for controlling the current la of the A-phase coil 4 of
the linear actuator in accordance with the A-phase
current command lac, and to a current controller
(ACR) 12 for controlling the current Ib of the B-phase
coil 4 thereof in accordance with the B-phase current
command lbc, respectively.

As the thrust constant of each stator varies by a
sine wave function of the period of the tooth pitch Tp
with respect to the position, the thrust on the A-phase
side varies with a squared sine wave through such a
control, whereas the thrust on the B-phase side varies
with a squared cosine wave therethrough. The resul-
tant force becomes constant, independent of position.

Moreover, a signal for correcting the thrust vari-
ation due to the load or the position of the actuator
itself may be added to the thrust command as a thrust
correcting value. Therefore, the thrust variation may
be minimized.

As described above, a linear actuator is used in
a head feed mechanism of the embodiment. Conse-
quently, it becomes possible to reduce the size and
weight of the whole optical disk unit and to provide a
quick and responsive head movement by virtue of the
light weight of the movable parts. By mounting the
head 7 on a rigid movable member 101, providing
tracks of permanent magnets and associated drive
parts on both sides of the movable member 101,
angular moment of the movable member 101 can be
suppressed, thereby improving head positioning
accuracy. In addition, as the two linear guides for sup-
porting the head are located on the line connecting the
tracks of permanent magnets located at respective
sides of the head, vibrations in the direction of move-
ment of the movable member 101 can be suppressed.
Furthermore, the use of a magnetic sensor for detect-
ing the position of the movable member 101 permits
the device to be made thinner than that employing an
optical sensor and assists in ensuring that the thrusts
of the actuator are constant by controlling the currents
supplied to the coils 4,5 in dependence on the position
detection signal. This has the effect of ensuring a
speedier, more accurate movement of the head.

Although the tracks of permanent magnets and
associated drive parts are arranged on opposite sides
of the movable member 101 in the embodiment
shown, the object of reducing the size and increasing
the rigidity can needless to say be accomplished by
locating such drive parts on only one side of the mov-
able member 101. An embodiment illustrating this will
be described in more detail later.

In the above description, the relative alignment of
the tracks of permanent magnets, and the drive parts
has not been discussed. As was mentioned earlier,
the present invention proposes that there is a dis-
placement in the alignment of the two drive means
relative to the associated track or tracks. As was also
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mentioned earlier, such displacement may take one of
several forms, and the subsequent description will
consider these forms. In general, all such arrange-
ments permit the linear actuator 100 to be smaller in
at least one direction than existing arrangements.

Fig. 6 illustrates a construction which permits
reduction of a detent force in a linear actuator
embodying the present invention in addition to permit-
ting a size reduction. Fig. 6(a) is a top view of the
device of Fig. 1. The tracks permanent magnets 3 on
both sides of the movable member 101 are arranged
so that the same polarities (N poles) of the magnets
are in alignment with each other, with the reference
ends of magnetization thereof directed in the same
direction. The A-phase stator core 1 of the actuator 17
on the right-hand side of the movable member 101 is
shifted by a displacement distance being Tp/2 when
T, is the tooth pitch from the A-phase stator core 1 of
the actuator 18 on the left-hand side thereof.

Fig. 6(b) shows the variation of the detent force
varying with the position originating from the compo-
nent in the movement direction of the magnetic
attracting force between the tracks of permanent
magnets 3 and the stator core of each phase. As the
detent force is expressed by the positional change
amount of the squared distribution of magnetic flux in
the gap, the detent force in each phase appears as a
component with a period corresponding to 1/2 the
pitch Tp, assuming the magnetic flux varies in a sine
wave. As the A-phase is shifted by 1/4-Tp from the B-
phase, moreover, the detent forces are opposite to
each other in phase and therefore cancel out. How-
ever, when the thickness of the tracks of permanent
magnets 3 is of the order of 1 mm, it will be difficult to
equalize the magnetizing widths and intensities of
both N and S poles if the magnetizing pitch is set to
an order of 1 mm. Further, the magnetization widths
and intensities on one side become greater than
those on the other. As a result, the distribution of mag-
netic flux on the surface of the permanent magnets 3
behave as if a d.c. component has been added. Com-
ponents of a period Tp are thereby produced in the
detent forces in both phase and the detent forces will
remain even after summing the forces in the A- and
B-phases.

The detent forces can be cancelled by shifting
one phase from the other by 1/2 Tp as in the case of
this embodiment. Moreover, the same constant thrust
as described above may be obtained by shifting the
supplied currents by 1/2 Tp between the A- and B-
phase, that is, one current is opposite to the other in
phase.

Such an embodiment thus comresponds to that
shown in Fig. 1, with both the magnetic tracks 3, and
both the A-phase stator core 1 and the B-phase stator
core 2 aligned on each side of the movable member
101. Thus, the physical displacements shown in the
embodiments of Figs. 6 and 7 become unnecessary.
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However, it is then necessary to control the phases of
the A-phase and B-phase coils 4, 5 so that the drive
currents of those coils 4,5 on one side of the movable
member 101 are 180° out of phase with the drive coils
on the other side of the movable member. This then
achieves the same effect as shown in Fig. 6b.

Fig. 7 illustrates another construction for reducing
detent forces in a linear actuator of another embodi-
ment of the present invention. Unlike the embodiment
shown in Fig. 6, the position of the drive parts are not
shifted on the stator side. Instead, the polarities of the
permanent magnets 3 on one side are opposite to the
other side, whereby the same effect as in the case of
Fig. 6 is also obtained.

Thus, in Figs. 6 and 7, the alignment of the res-
pective drive parts, and the tracks associated there-
with, is different.

In both the embodiments of Figs. 6 and 7, there
are tracks of permanent magnets 3 on each side of the
movable member 101, and respective drive parts are
associated with each track. However, as mentioned
previously, it is also possible for the drive parts to act
on a single track.

Fig. 8 shows an optical disk unit with a linear actu-
ation of another embodiment of the present invention.
This can cope with a case where it is impossible to
provide stators of linear actuators and permanent
magnets on both sides of the movable member 101.

A spindle motor 102 for rotating the optical disk 10
is installed on a base 19, whereas an optical head 7
is provided beneath the optical disk 101. The optical
head 7 irradiates the optical disk with a light beam
103, so that data is recorded or reproduced. The opti-
cal head 7 is moved by a linear actuator according to
the present invention in the radial direction of the opti-
cal disk 10 and the light beam 103 moves between
optical disk tracks, thus allowing data to be recorded
on or reproduced from the whole surface of the optical
disk 101.

The linear actuator has a single track of perma-
nent magnets which extends outwardly from the edge
of the main body of the movable member 101 an A-
phase stator core 1, a B-phase stator core 2, an A-
phase coil 4 and an B-phase coil 5 are located at
either the front or rear of the member 101 in the direc-
tion of movement. Such that the track of permanent
magnets interacts with the stator cores 1,2 the A-pha-
se coil 4 wound on the A-phase stator core 1 and the
B-phase coil 5 would on the B-phase stator core 2 are
on the left- and right-hand side of the permanent mag-
nets 3, respectively.

It can readily be seen from Fig. 9 that the use of
a single track, and a suitable spacing of the coils 1, 2
which carry the pairs of sets of teeth, enable those
cores 1,2 to overlap each other is the direction per-
pendicular to the direction of movement of the move-
able member 101, although they are displaced in that
direction. That displacement should be (m + 1/4)T,
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where n is an integer. In practice, provided the cores
1,2 are spaced from each other, the gap therebet-
ween should be as small as possible to minimise the
overall size of the linear actuator. It can be seen that,
in this embodiment, the drive parts formed by the
cores 1,2 and the drive coils 4,5 have a width trans-
verse to the direction of movement of the movable
member 101 which is less than the width of the main
body of that movable member 101. As aresult, itis the
width of that main body 101, and the diameter of the
disk 104, which determine the overall width of the disk
unit. A particularly compact disk unit may therefore be
provided.

Then, as the linear actuator of this embodiment of
the present invention, is such that the coil positions of
the stators are prevented from interfering with each
other. The stators can thereby be arranged close to
each other, reducing the size of the disk unit.

Fig. 9(a) and 9(b) are sectional views of the linear
actuator for moving the head in the embodiment of
Fig. 8: Fig. 9(a) is a sectional view taken along line IV
- IV of Fig. 8 and Fig. 9(b) a sectional view taken along
line V -V thereof. A description will herein be given of
the points which have not been referred to in Fig. 8.

There is a linear position sensor 10 on one side
of the movable member 101. A magnetic plate 11 is
joined to the side of the optical head 7 and a magnetic
sensor 9 is secured to the base in such a way as to
face the magnetic plate 11 with a very narrow gap
therebetween.

As mentioned above, an advantage of this embo-
diment is that the device can be small-sized as the
area for installing the linear position sensor is reduc-
ible.

In all the above embodiments, there have been
drive parts, comprising stator cores 1,2 and
associated drive coils 4,5 on each side of the movable
member 101. Fig. 10 shows another embodiment in
which all the drive units are on the same side as the
movable member 101, so that there may then be a
single track of permanent magnets 3. The structure of
the various parts of the embodiment of Fig. 10 may
otherwise be identical to those in the earlier embodi-
ments, and the same reference numerals are used to
indicate corresponding parts. This embodiment has
the advantage that the width W of the linear actuator
is reduced, although there needs to be an increase in
the length L of the movable member 101. For a disk
drive unit, where the overall width is determined by the
diameter of the disk, such an arrangement has little
advantage. However, it may have advantage in other
situations where the width of the actuator is otherwise
a constraint on design. It may also be noted that, for
a long stroke, it may be better to modify the embodi-
ment of Fig. 10 so that the track of permanent mag-
nets 3 is fixed, and the stator cores 1,2 and the
associated coils 4,5 are mounted on a movable mem-
ber.
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Although the above embodiments have con-
sidered the application of the present invention to one
type of optical disk unit, the present invention is
applicable to other magnetic disk unit which is sub-
stantially similar in construction to optical disk units
with the same effect. Moreover, as linear actuators
according to the present invention can be rendered
compact and thin, they may also be usable as high
speed actuators for XY plotters and driving devices for
moving a printed circuit board in both X and Y direc-
tions in chip mounters which automatically mount
semiconductor devices on the printed circuit board.

The rigidity of the movable member 101 of the
linear actuator may be high if only because the mov-
able member 101 includes plate permanent magnets.
Moreover, the magnetic pole tooth pitch and the mag-
netizing pitch for alternately magnetizing the N and S
poles of the permanent magnet can be minimized as
the core magnetic pole tooth pitch is proportional to
the thrust constant. Hence, the disk unit is reducible
in size as greater thrust is obtainable without increas-
ing the weight and size of the movable part member
101. Furthermore, the teeth of the stator are arranged
so that they face each other with a gap therebetween
and only the track 151 of permanent magnets are
located in the gap between the teeth thereof, whereby
the movable member 101 may be even thinner and
lighter.

With the use of such alinear actuator in a disk unit
as a head feed mechanism, the whole disk unit may
be small and light in weight and the use of lightweight
movable parts enables quick responsive head move-
ment. Moreover, as the movable member 101 sup-
porting the head are highly rigid and as the linear
actuator may have tracks on both sides thereof, the
angular movement of the movable member 101 may
be reduced with the effect of improving the accuracy
of head positioning. Also, as two linear guides for sup-
porting the head may be located substantially on the
line connecting to the sides of the movable member
101, vibration in the direction of movement of the head
is also suppressed. In addition, as a magnetic sensor
may be used for detecting the head position, the unit
is may be made thinner than that employing an optical
sensor. The thrust of the actuators is made constant
by controlling the current flowing through the linear
actuators according to the position detection signal
with the effect of ensuring speedier, more accurate
movement of the head.

Claims

1. A linear actuator comprising a first member (19)
and a second member movable (101) relative to
said first member (19) in a first direction;

said second member having at least one
track (3) of permanent magnets, said track (3)
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extending in said first direction, said permanent
magnets being arranged such that the magnetic
polarity of adjacent permanent magnets are alter-
nate; and

said first member (19) including first and
second drive parts, each of said first and second
drive parts comprising at least one pair of
opposed sets of teeth (1,2) and at least one cor-
responding drive coil (4,5), for generating a vari-
able magnetic polarity of said at least one pair of
sets of teeth (1,2), each set of teeth (1,2) extend-
ing in said first direction with said at least one
track (3) of permanent magnets of said second
member (101) being interposed between said
sets of teeth (1,2), the drive coils (4,5) of said first
and second drive parts being on opposite sides of
said second member (101);

characterised in that:

said first and second drive parts are
arranged such that, for any given relative position
of said first and second members (19,101), the
magnetic alignment of said the polarity of at least
one pair of sets of teeth (1,2) of said first drive part
with said at least one track and the magnetic
alignment of said the polarity at least one pair of
sets of teeth (1,2) of said second drive part with
said at least one track are out of phase.

Alinear actuator according to claim 1, wherein the
physical alignment of said at least one pair of sets
of teeth (1,2) of said first drive part with said at
least one track (3) and the physical alignment of
said at least on pair of sets of teeth (1,2) of said
second drive part with said at least one track (3)
are displaced a displacement distance which is a
non-integral multiple of the pitch of the teeth of
each of said sets of teeth (1,2), thereby to cause
the magnetic alignment thereof to be out of
phase.

A linear actuator according to claim 1 or claim 2,
wherein the at least one pair of opposed sets of
teeth of the first and second drive parts act on the
same track of said at least one track.

A linear actuator according to claim 3 as depen-
dent on claim 2, wherein said displacement dist-
ance is greater than the width of the at least one
pair of sets of teeth (1,2) of said first drive part.

A linear actuator according to claim 4, wherein
said first and second drive parts overlap in a
direction perpendicular to said first direction.

A linear actuator according to claim 3 as depen-
dent on claim 2, or any of claims 4 and 5, wherein
said displacement distance is (n+1/4).T,where n
is an integer and T, is the pitch of the teeth of said
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13.

14.
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sets of teeth (1,2).

A linear actuator according to claim 1 or claim 2,
wherein said at least one track (3) of permanent
magnets includes first and second tracks (3)
spaced apart in a direction perpendicular to said
first direction, said first track (3) being interposed
between said at least one pair of sets of teeth
(1,2) of said first drive part and said second track
being interposed between said at least one pair of
sets of teeth (1,2) of said second drive part.

Alinear actuator according to claim 7, wherein the
physical alignment of said at least one pair of sets
of teeth (1,2) of said first drive part with said at
least one track (3) and the physical alignment of
said at least on pair of sets of teeth (1,2) of said
second drive part with said at least one track (3)
are displaced a displacement distance which is a
non-integral multiple of the pitch of the teeth of
each of said sets of teeth, thereby to cause the
magnetic alignment thereof to be out of phase.

A linear actuator according to claim 8, wherein
said displacement distance is (m+1/2). T, where
m is an integer and T, is the pitch of the teeth of
said sets of teeth.

A linear actuator according to claim 8 or claim 9,
wherein, in order to provide said displacement
distance, said at least one pair of sets of teeth
(1,2) of said first drive part are displaced in said
first direction relative to said at least one pair of
sets of teeth (1,2) of said second drive part by
said displacement distance.

A linear actuator according to claim 8 or claim 9,
wherein, in order to provide said displacement
distance, the respective polarities of the perma-
nent magnets of said first track (3) are displaced
in said first direction relative to the respective
polarities of the permanent magnets of said sec-
ond track (3) by said displacement distance.

A linear actuator according to claim 1 wherein the
variable magnetic polarity of said at least one pair
of sets of teeth (1,2) of said first drive part is out
of phase with said atleast one pair of sets of teeth
of said second drive part.

A linear actuator according to claim 12, wherein
the predetermined magnetic polarity of said at
least one pair of sets of teeth of said first drive part
is out of phase with said at least one pair of sets
of teeth of said second drive part by 180°.

A linear actuator comprising a first member (19)
and a second member (101) movable relative to
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said first member (19) in a first direction;

said second member (101) having at least
one track (3) of permanent magnets, said track (3)
extending in said first direction, said permanent
magnets being arranged such that the magnetic
polarity of adjacent permanent magnets are alter-
nate; and

said first member (19) including first and
second drive parts each of said first and second
drive parts comprising at least one pair of
opposed sets of teeth (1,2) and at least one cor-
responding drive coil (45) for generating a vari-
able magnetic polarity of said at least one pair of
sets of teeth (1,2), each set of teeth (1,2) and
extending in said first direction with said track (13)
of permanent magnets of said second member
(101) being interposed between said sets of teeth
(1.2);

characterised in that:

said first and second drive parts are
arranged such that for any given relative position
of said first and second members (19,101), the
magnetic alignment of said the polarity of at least
one pair of sets of teeth (1,2) of said first drive part
with said at least one track (3) and the magnetic
alignment of said the polarity at least one pair of
sets of teeth (1,2) of said second drive part with
said at least one track (3) are out of phase by
180°.

A linear actuator according to claim 14, wherein
the physical alignment of said at least one pair of
sets of teeth (1,2) of said first drive part with said
at least one track (3) and the physical alignment
of said at least on pair of sets of teeth (1,2) of said
second drive part with said at least one track (3)
are displaced a displacement distance which is
(m £ 1/2).T, where m is an integer and T, is the
pitch of the teeth of each of said sets of teeth
(1,2), thereby to cause the magnetic alignment
thereof to be out of phase by 180°.

A linear actuator according to claim 14 or claim
15, wherein said at least one track (3) of perma-
nent magnets includes first and second tracks
displaced in a direction perpendicular to said first
direction, said first track being interposed be-
tween said at least one pair of sets of teeth (1,2)
of said first drive part and said second track being
interposed between said at least one pair of sets
of teeth (1,2) of said second drive part.

A linear actuator according to claim 16 as depen-
dent on claim 15, wherein, in order to provide said
displacement distance, said at least one pair of
sets of teeth (1,2) of said first drive part are dis-
placed in said first direction relative to said at
least one pair of sets of teeth (1,2) of said second
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drive part by said displacement distance.

A linear actuator according to claim 16 as depen-
dent on claim 15, wherein, in order to provide said
displacement distance, the respective polarities
of the permanent magnets of said first track are
displaced in said first direction relative to the res-
pective polarities of the permanent magnets of
said second track by said displacement distance.

A linear actuator according to any one of claims
14 to 18, wherein the drive coils (4,5) of said first
and second drive parts are located at the same
side of said second member (101).

A linear actuator according to any one of claims
14 to 19, wherein the at least one pair of opposed
sets of teeth (1,2) of the first and second drive
parts act on the same track of said at least one
track (3).

A linear actuator according to any one of the pre-
ceding claims, wherein each of said first and sec-
ond drive parts comprises two of said pairs of sets
of teeth (1,2) and two corresponding drive coils.

A linear actuator according to claim 21 wherein
said two pairs of sets of teeth (1,2) of each of said
first and second drive parts are separated by a
distance (q £ 1/4).T, where q is an integerand T,
is the pitch of the teeth of said sets of teeth (1,2).

A linear actuator according to any one of the pre-
ceding claims further including at least one linear
guide (8) for guiding said relative movement of
said first and second members (19,101).

A linear actuator according to any one of the pre-
ceding claims, further including means (9) for
detecting the relative position of said firstand sec-
ond members (19,101), and means for controlling
coil currents of said drive coils (4,5) in depen-
dence on said relative position.

A disk unit comprising a disk support means for
supporting a disk (104) disk for rotation about an
axis of rotation, a head (7) for interacting with the
disk (104), and a head feed mechanism (100) for
moving said head (7) linearly relative to said axis
of rotation, said head feed mechanism compris-
ing a linear actuator according to any one of the
preceding claims, with said first member (19)
fixed relative to said axis of rotation and said sec-
ond member (101) supporting said head (7).

A graphical plotter including a fixed body, a mov-
able head and a head movement mechanism for
moving the head relative to the body, the head
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movement mechanism comprising a linear
actuator according to any one of claims 1 to 24,
the first member being fixed to the body and the
second member supporting said head;

A semiconductor mounting device comprising a
chip support device for a semiconductor chip, a
printed circuit board support and board support
means for moving the printed circuit board rela-
tive to the chip support device, the board support
means comprising a linear actuator according to
any one of claims 1 to 24, the first member being
fixed relative to the chip support device and the
second member being arranged for moving said
printed circuit board support.
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